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RESUMEN 
 
Colruyt Group, la cadena de supermercados más grande de Bélgica, desea 
automatizar los procesos de limpieza de sus tiendas. Hoy en día, la limpieza del 
suelo de los supermercados es un proceso tedioso y se realiza manualmente. El 
propósito de este trabajo es construir una prueba de concepto de un sistema que 
detecte y ubique la basura del suelo en el supermercado para poder recogerla. El 
sistema debe poder montarse en cualquier plataforma móvil autónoma que use 
ROS. En este trabajo, se ha utilizado el TurtleBot3 como plataforma móvil en la que 
se ha instalado una cámara RGBD. Para la detección de basura, se han integrado y 
comparado varios métodos de visión, como operaciones morfológicas, 
segmentación basada en diferentes espacios de color, comparación de imágenes y 
la cámara de profundidad. Este proyecto permite demostrar que es posible la 
automatización de este proceso, así como servir de base para futuros trabajos. 
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`K2i2`b /2MQi2 i?2 +QQ`/BMi2 bvbi2K i`Mb7Q`KiBQMb 7`QK
j. rQ`H/ +QQ`/BMi2b iQ j. +K2` +QQ`/BMi2bX 1[mBpH2MiHv- i?2 2ti`BMbB+
T`K2i2`b /2}M2 i?2 TQbBiBQM Q7 i?2 +K2`- i?2b2 `2 i?2 BKTQ`iMi QM2b
7Q` Qm` Tm`TQb2X
MQi?2` BKTQ`iMi TQBMi iQ F22T BM KBM/ Bb iQ FMQr i?2 bvbi2K Q7 t2b i?i
2+? K2i?Q/ mb2b iQ #2 #H2 iQ BMi2`T`2i i?2K +Q``2+iHvX
h#H2 9XR, t2b i`Mb7Q`KiBQMb mb2/X s `2/- u ;`22M M/ w #Hm2X
_Pa _.GP** PShA*G
k3
9Xk _.GP** hQQH#Qt
A ?p2 7QmM/  JiH# iQQH#Qt +HH2/ _.GP**R #b2/ QM i?2 rQ`Fb Q7 i?2
TT2`b UEbbB`  S2vMQi kyRyV M/ US2vMQi  EbbB` kyRyVX
ǳh?Bb TT2` T`QTQb2b H;Q`Bi?Kb i?i m;K2Mi irQ 2tBbiBM; i`mbi@
7mH +HB#`iBQM K2i?Q/b rBi? M miQKiB+ 2ti`+iBQM Q7 i?2 +H@
B#`iBQM Q#D2+i 7`QK i?2 b2MbQ` /iX h?2 `2bmHi Bb  +QKTH2i2
T`Q+2/m`2 i?i HHQrb 7Q` miQKiB+ +K2`@Hb2` +HB#`iBQMXǴ
6Q` mbBM; i?Bb iQQH#Qt A M22/  bT2+BH /ib2i i?i b?QmH/ +QMiBM  b2i Q7
}H2b,
Ç Hb2`Xiti +QMiBMBM; i?2 Hb2` /i- BM i?2 7Q`Ki iBK2biKT
M;H2nKBM M;H2nBM+`2K2Mi M;H2nKt mMBinivT2 MmK#2`nQ7nTQBMib
`M;2bc
Ç BK;2nbiKTbXiti +QMiBMBM; i?2 iBK2biKTb Q7 i?2 +Tim`2/ BK;2bc
Ç BK;2nssX#KT- r?B+? `2 i?2 BK;2 }H2b- r?B+? M22/ iQ bi`i #v i?2
MmK#2` yR UM/ MQi yyVX 6Q` 2tKTH2 BK;2nyRX#KT- BK;2nyykX#KT-
Ę
h?Bb /ib2i rb 2tTQ`i2/ 7`QK _Pa mbBM;  Tvi?QM b+`BTi- iFBM; T?QiQb
rBi? i?2 +QHQ` +K2` Q7  +?2+F2`#Q`/ BM /Bz2`2Mi TQbBiBQMbX
R?iiT,ffrrr@T2`bQMHX+7`Xmbv/X2/mXmfFbNR38fmiQ*HB#fBM/2tX?iKH
kN
h?2 _.GP** K2i?Q/ 7Q` ;2iiBM;  +HB#`iBQM rb,
RX AM  /B`2+iQ`v- 2ti`+i #Qi? _.P** M/ _.GP** hQQHFBibX
kX AM JhG"- // #Qi? iQQHFBib iQ i?2 Ti?X
Ç //Ti? _.P**hQQH#Qt
Ç //Ti? _.P**hQQH#Qt$*Q`M2`6BM/2`
Ç //Ti? _.GP**hQQH#Qt
Ç //Ti? _.GP**hQQH#Qt$6mM+iBQMbX
jX PT2M i?2 /ib2i b i?2 `QQiX
9X h?2 }`bi bi2T Bb iQ Q#iBM i?2 BMi`BMbB+ +HB#`iBQM Q7 i?2 +K2` M/
2ti`+i i?2 +?2+F2`#Q`/ THM2bX hQ /Q i?Bb- `mM i?2 +HB# +QKKM/X
h?2M 7QHHQr i?2 bi2Tb,
Ç AK;2 LK2b iQ b2i i?2 BK;2 MK2b Ub2H2+i BK;2n M/ # 7Q`
#KTV
Ç 1ti`+i :`B/ *Q`M2`b UT`2bb 2Mi2` 7Q` HH BK;2bV
Ç *HB#`iBQM iQ ;2i i?2 BMi`BMbB+ T`K2i2`b
Ç ap2- r?B+? bp2b i?2 +HB#`iBQM iQ  }H2 BM i?2 /ib2iǶb /B`2+@
iQ`v U*HB#n_2bmHibXKiV
8X _mM i?2 _.GP** hQQH#QtX GQ/ #Qi? i?2 Hb2` M/ i?2 BK;2 /i
rBi? _2/ .iX
eX JMmH a2H2+i iQ b2;K2Mi i?2 Hb2`X *?QQb2 QMHv i?2 KQ`2 bi`B;?i
M/ +H2` T`ibX
dX *HB#`i2 iQ `mM i?2 +HB#`iBQM H;Q`Bi?KX h?2 pHm2b TT2` QM i?2
+QMbQH2 Q7 JhG"X
3X Gb2` BMiQ AK;2 iQ +?2+F i?2 pHB/Biv Q7 i?2 +HB#`iBQMX A7  `M;2
Q7 BK;2b Bb r?i Bb rMi2/- i?2M BMTmi bQK2i?BM; HBF2 R,RyX
h?2 #2bi `2bmHib Q#iBM2/ ?p2 #22M rBi?  /ib2i Q7 KMv BK;2b UkkV BM
i?2 ?B;?2bi TQbbB#H2 `2bQHmiBQM URk3y Ɠ dkyV M/ TH+BM; i?2 +?2+F2`#Q`/
THM2 b +HQb2 b TQbbB#H2 iQ i?2 +K2` iQ +Tim`2 KQ`2 TQBMib Q7 i?2 Hb2`X
jy
_.GP** tBb
∆ =
⎛⎜⎜⎜⎝
0.0308
−0.0652
−0.0796
⎞⎟⎟⎟⎠±
⎛⎜⎜⎜⎝
0.011
0.0136
0.00737
⎞⎟⎟⎟⎠m
Φ =
⎛⎜⎜⎜⎝
−0.105
−3.53
−179
⎞⎟⎟⎟⎠±
⎛⎜⎜⎜⎝
1.38
0.615
0.631
⎞⎟⎟⎟⎠ deg
hQiH `Kb 2``Q` 4 yXyyeRe
 p2`v H`;2 2``Q` +M #2 Q#b2`p2/ 7Q` i?2 /BK2MbBQMb i?i `2 #2BM; K2@
bm`2/- i?Bb Bb #2+mb2 i?2 Hb2` Bb MQi p2`v T`2+Bb2 M/ /Q2b MQi `2+Q;MBx2 i?2
THM2 b  +QKTH2i2Hv bi`B;?i HBM2 Q7 TQBMibX
6B;m`2 9Xk, M 2tKTH2 Q7  Hb2` #2K T`QD2+i2/ QM i?2 sw@THM2X
S2`?Tb i?Bb K2i?Q/ rQmH/ #2 KQ`2 ++m`i2 rBi?  #2ii2` Hb2` Q` rBi?
TQbi T`Q+2bb2/ Hb2` /i i?i +H+mHi2b i?2 p2`;2 Q7 i?2 TQbBiBQM Q7 i?2
jR
TQBMib /m`BM; i?2 iBK2 i?i i?2 +?2+F2`#Q`/ THM2 Bb BM i?2 bK2 TQbBiBQM-
pQB/BM; QmiHB2`bX
h?2 /pMi;2 Q7 i?Bb K2i?Q/ Bb i?i Bi +M #2 mb2/ rBi? Mv ivT2 Q7 +K2`-
 _:". +K2` Bb MQi M2+2bb`vX
9Xj SQBMi +HQm/ iQ Hb2` b+M M/ k. +HB#`iBQM
Pi?2` TT`Q+? 7Q` i?2 +HB#`iBQM Q7 i?2 +K2` Bb iQ mb2 i?2 TQBMi +HQm/
M/ i?2 Hb2` b2MbQ`X h?2`2 `2 b2p2`H _Pa T+F;2b iQ +QMp2`i  S*G BM
Hb2` b+M /i ;Bp2M +2`iBM T`K2i2`bXk
qBi? i?2 irQ Hb2` b+M }H2b- QM2 7Q` i?2 Hb2` M/ Qi?2` Q7 i?2 +QMp2`bBQM- M/
iQQHb HBF2 BM JiH# Ki+?a+Mbj A +QmH/ ;2i i?2 s- u M/ i?2i T`K2i2`bX
AM i?Bb +b2 A M22/ iQ bmTTQb2 i?i i?2 Qi?2` irQ `QiiBQMb `2 2[mH iQ y
M/ K2bm`2 i?2 w /BbiM+2 iQ T2`7Q`K i?2 S*G iQ Hb2` b+M +QMp2`bBQM i
i?2 bK2 ?2B;?i Q7 i?2 `2H Hb2`X
6B;m`2 9Xj, Ji+? GB/` a+Mb 1tKTH2
k?iiT,ffrBFBX`QbXQ`;fTQBMi+HQm/niQnHb2`b+M
j?iiTb,ff2bXKi?rQ`FbX+QKf?2HTf`Q#QiB+bf`27fKi+?b+MbX?iKH
jk
6Q` i?Bb `2bQMb- i?2 H+F Q7 T`2+BbBQM Q7 i?2 Hb2` b22M BM i?2 T`2pBQmb K2i?Q/-
M/ i?2 H+F Q7 iBK2 iQ BKTH2K2Mi i?2 H;Q`Bi?Kb BM JHiH# M/ 2tTQ`i i?2
/i BM  +Q``2+iHv- i?Bb K2i?Q/ ?b MQi #22M T`Qp2MX
9X9 h?B`/ TQBMi K2i?Q/
h?2 T`Q#H2K rBi? i?2 +HB#`iBQMb Q7 i?2 +K2` Bb i?i A +M MQi K2bm`2
i?2 /BbiM+2 Q7 i?2 ?`/r`2 #v ?M/ #2+mb2 i?Bb Bb MQi i?2 +imH TQbBiBQM
7`QK r?B+? i?2 T?QiQ rb iF2M- 2Bi?2` #v i?2 BMi2`MH H2Mb2b Q` #v i?2
TQbBiBQM Q7 i?2 +K2` BM i?2 BMi2`BQ` Q7 i?2 7`K2X
"mi rBi?  +?2+F2`#Q`/ M/ mbBM; i?2 JiH# iQQH#Qt iQ +HB#`i2 +K2`b
Bi Bb 2bv iQ ;2i i?2 TQbBiBQM rBi? `2bT2+i iQ i?2 +?2+F2`#Q`/ THM2- #2BM;
i?2 Q`B;BM i?2 }`bi +Q`M2`X
6B;m`2 9X9, *?2+F2`#Q`/ 2tKTH2X P`B;BM M/ t2bX
jj
A7 A KF2 i?i TQBMi iQ Ki+? rBi? i?2 ?2B;?i Q7 i?2 Hb2`- FMQrM #v i?2
l_.6 KQ/2H Q7 i?2 `Q#Qi- M/ i?2 THM2 Bb TH+2/ T`HH2H iQ i?2 `Q#Qi- i?2
i`Mb7Q`KiBQM #2ir22M i?i TQBMi M/ i?2 Hb2` rQmH/ #2 2[mH iQ y BM HH
i?2 t2b M/ M;H2b 2t+2Ti BM i?2 s t2b i?i rQmH/ #2 i?2 K2bm`2K2Mi
;Bp2M #v i?2 Hb2`X
6B;m`2 9X8, P`B;BMnTHM2@Hb2` i`Mb7Q`KiBQMX
6BMHHv A rBHH ?p2 i?2 irQ i`Mb7Q`KiBQMb- QM2 +K2`@Q`B;BMnTHM2 M/ M@
Qi?2` Q`B;BMnTHM2@Hb2`- i?i ;Bp2b mb i?2 b2`+?2/ i`Mb7Q`KiBQM +K2`@
Hb2`X
6Q` i?2 }`bi- A mb2/ i?2 JiH# iQQH#Qt iQ +HB#`i2 +K2`b rBi? i?2 bK2
/ib2i i?i rb mb2/ 7Q` i?2 _.GP** K2i?Q/- //BM; M BK;2 rBi? i?2
Q`B;BM Q7 i?2 THM2 Ki+?BM; rBi? i?2 Hb2`X
j9
6`QK i?Bb K2i?Q/ A ;2i i?Bb i`Mb7Q`KiBQM +K2`@+?2+F2`#Q`/,
PTiB+H t2b
∆ =
⎛⎜⎜⎜⎝
0.0230
−0.0694
0.6606
⎞⎟⎟⎟⎠±
⎛⎜⎜⎜⎝
0.0004
0.0006
0.0010
⎞⎟⎟⎟⎠m
Φ =
⎛⎜⎜⎜⎝
−0.0186
−0.0234
0.0206
⎞⎟⎟⎟⎠±
⎛⎜⎜⎜⎝
0.0026
0.0022
0.0003
⎞⎟⎟⎟⎠ rad
6Q` i?2 b2+QM/- i?2 /BbiM+2 iQ i?2 TQBMi ?b #22M K2bm`2/ rBi? i?2 Hb2`
b2p2`H iBK2b M/ i?2 p2`;2 ?b #22M K/2X
_Pa t2b
∆ =
⎛⎜⎜⎜⎝
0, 6044
0
0
⎞⎟⎟⎟⎠±
⎛⎜⎜⎜⎝
0.001
0.001
0.001
⎞⎟⎟⎟⎠m
h?2 }MH Hb2`@+K2` i`Mb7Q`KiBQM rQmH/ #2,
_Pa t2b
∆ =
⎛⎜⎜⎜⎝
0.0562
0.0230
−0.0694
⎞⎟⎟⎟⎠±
⎛⎜⎜⎜⎝
0.0020
0.0014
0.0016
⎞⎟⎟⎟⎠m
Φ =
⎛⎜⎜⎜⎝
0.0206
−0.0186
−0.0234
⎞⎟⎟⎟⎠±
⎛⎜⎜⎜⎝
0.0178
0.0201
0.0197
⎞⎟⎟⎟⎠ rad
j8
9X8 *QM+HmbBQMb
1ti2`MH +HB#`iBQM Q7  +K2` iQ  Hb2` Bb  +QKKQM T`2`2[mBbBi2 QM
iQ/vǶb KmHiB@b2MbQ` KQ#BH2 `Q#Qi THi7Q`KbX >Qr2p2`- i?2 T`Q+2bb Q7 /QBM;
bQ Bb `2HiBp2Hv TQQ`Hv /Q+mK2Mi2/ M/ HKQbi Hrvb iBK2@+QMbmKBM;X
6Q` Qm` T`QD2+i A /Q MQi +m``2MiHv M22/ i?Bb +HB#`iBQM rBi? ?B;? T`2+BbBQM-
bQ 7i2` Q#b2`pBM; i?2 `2bmHib Q7 i?2 Hbi K2i?Q/ M/ +QKT`BM; b2p2`H K2@
bm`2b Q7 Hb2` M/ S*G- A ?p2 +?Qb2M iQ ;Bp2 i?2 +HB#`iBQM b bm{+B2Mi-
/Q+mK2MiBM; HH K2i?Q/b BM +b2 BM i?2 7mim`2 rBHH #2 M22/2/X
h?2 }MH `2bmHi BM i?2 l_.6 KQ/2H Q7 i?2 `Q#Qi Bb,
6B;m`2 9Xe, *K2` TQbBiBQM `2HiBp2 iQ Hb2` b+MX
je
*?Ti2` 8
_2bmHib M/ +QM+HmbBQMb
8XR AMi`Q/m+iBQM
AM i?Bb T`i A rBHH +QKK2Mi i?2 `2bmHib Q7 /Bz2`2Mi i2bi M/ iHF #Qmi i?2
+QM+HmbBQMb i?i A ?p2 `2+?2/ BM i?Bb T`QD2+iX
A rBHH bmKK`Bx2 bQK2 B/2b Q` i2+?MB[m2b i?i +QmH/ MQi #2 T`Qp2/ /m2 iQ
H+F Q7 iBK2 M/ FMQrH2/;2- i?2 T`Q#H2Kb 2M+QmMi2`2/ rBHH HbQ #2 /2iBH2/
M/ r2 rBHH /Bb+mbb ?Qr i?2v +QmH/ #2 bQHp2/X
8Xk h2bib
hQ b22 i?2 `2bmHib Q7 i?2 rQ`Fb M/ T`Q;`Kb +``B2/ Qmi- A ?p2 /QM2 /Bz2`2Mi
i2bibX
AM i?Bb T`QD2+i i?2`2 `2 irQ KBM T`ib i?i ?p2 #22M /2p2HQT2/ M/ b?QmH/
#2 i2bi2/- i?2 BK;2 T`Q+2bbBM; iQ /2i2+i ;`#;2 M/ i?2 TQbBiBQMBM; QM i?2
KT Q7 i?Bb ;`#;2X
h?2b2 irQ T`ib ?p2 #22M i2bi2/ b2T`i2Hv mM/2` /Bz2`2Mi +QM/BiBQMb- i?Bb
Bb #2+mb2 i?2 T`Q+2bbBM; Q7 i?2 BK;2 iQ /2i2+i ;`#;2 Bb T`2T`2/ 7Q` i?2
+QM/BiBQMb Q7 i?2 biQ`2 U+QHQ` Q7 i?2 ~QQ`- bm``QmM/BM; 7m`MBim`2 +QHQ`- HB;?ibV
M/ i?2b2 `2 MQi 2bv iQ `2THB+i2X
jd
8XkXR _2+Q;MBxBM;
hQ i2bi ?Qr i?2 ;`#;2 `2+Q;MBiBQM H;Q`Bi?K rQ`Fb- i?2 `2+Q`/2/ /i
/m`BM; i?2 pBbBi iQ QM2 Q7 i?2 biQ`2b rb mb2/- bT2+B}+HHv i?2 `2+Q`/2/ #v
i?2 +QHQ` +K2` BMbiHH2/ BM i?2 `Q#QiX
AM i?Bb `2+Q`/BM; vQm +M b22 2tKTH2b rBi? /Bz2`2Mi ivT2b Q7 Ki2`BHbX
h?2 H;Q`Bi?K `2+Q;MBx2b KQbi Q7 i?2 ;`#;2 rBi? 2b2 M/ #2+mb2 #2BM;
BM KQp2K2Mi- /Bz2`2Mi TQBMib Q7 pB2r Q7 i?2 bK2 Q#D2+i `2 ?/- `2bQM r?v
B7 Bi Bb MQi `2+Q;MBx2/ BM  7`K2 Bi Bb p2`v T`Q##H2 #2 `2+Q;MBx2/ BM MQi?2`
QM2 U2bT2+BHHv r?2M Bi Bb KQ`2 +2Mi2`2/ M/ M2`V
1``Q`b `2 HbQ Q#b2`p2/ b T`ib i?i `2 `2+Q;MBx2/ b ;`#;2 M/ `2 MQi-
bm+? b,
Ç GBM2b Q` BM/B+iBQMb TBMi2/ QM i?2 ~QQ`X
Ç S`ib Q7 i?2 7m`MBim`2 Q7 i?2 biQ`2 i?i /Bz2` ;`2iHv 7`QK i?2 +QHQ` Q7
i?2 ~QQ`X U`+Fb- H2;b- ĘV
Ç S`ib Q7 i?2 BK;2 i?i +Q``2bTQM/ iQ p2`v /BbiMi i?BM;bX
"2HQr i?2`2 `2 bQK2 BK;2b +QHH2+i2/ 7`QK i?2 `2+Q`/BM; b M 2tKTH2 Q7
i?2 /Bz2`2Mi bBimiBQMb M/ Ki2`BHb i2bi2/X
j3
h#H2 8XR, _2bmHib Q7 i?2 BK;2 T`Q+2bbBM; H;Q`Bi?KX
P`B;BMH _2bmHi
AM i?2K vQm +M b22 i?2 Q`B;BMH BK;2 M/ i?2 `2bmHi-  #BM`v BK;2 BM r?B+?
i?2 r?Bi2 TBt2Hb +Q``2bTQM/ iQ i?2 Q#D2+ib /2i2+i2/X
jN
8XkXk SQbBiBQMBM;
hQ i2bi i?2 TQbBiBQMBM; Q7 i?2 ;`#;2 QM  k. KT-  bKHH i2bi 7+BHBiv Bb
#mBHi mbBM; 7Qm` rQQ/2M #Q`/bX qBi? i?2 +B`+mBi }MBb?2/ A ;Q i?`Qm;? Bi
rBi? i?2 `Q#Qi M/ #mBHi i?2 KTX
b i?2 +QM/BiBQMb `2 /Bz2`2Mi 7`QK i?Qb2 Q7 i?2 biQ`2 U+QHQ` Q7 i?2 ~QQ`-
bm``QmM/BM; 7m`MBim`2 +QHQ`- HB;?ibV i?2 H;Q`Bi?K iQ `2+Q;MBx2 ;`#;2 /B/
MQi rQ`F M/ A ?/ iQ /Dmbi Bi U+?M;2 +QHQ` i?`2b?QH/b M/ F2`M2Hb bBx2bV
iQ `2+Q;MBx2 Q#D2+ib QMHv r?Bi2 M/ i?mb #2 #H2 iQ i2bi i?2 TQbBiBQMBM; T`iX
h#H2 8Xk, h2bi +B`+mBi M/ KT +`2i2/X
h2bi +B`+mBi JT +`2i2/
h?2 Q#D2+iBp2 Bb iQ `2+Q;MBx2 M/ +Q``2+iHv TQbBiBQM i?2 /Bz2`2Mi r?Bi2 Q#D2+ib
TH+2/ #v i?2 +B`+mBi BM i?2 +`2i2/ KTX
h?2 H;Q`Bi?Kb ?p2 #22M i?Qm;?i iQ `mM BM `2H iBK2 r?BH2 i?2 `Q#Qi KQp2b
M/ bQ Bi rb BMBiBHHv i2bi2/X qBi? i?Bb }`bi i2bi i?2 `2bmHib Q7 i?2 7QHHQrBM;
BK;2 r2`2 Q#iBM2/X
9y
6B;m`2 8XR, _2bmHi Q7 TQbBiBQMBM; ;`#;2 r?BH2 KQpBM; i?2 `Q#QiX
i }`bi ;HM+2 QM2 +QmH/ bv i?i i?2 T`Q;`K 7BH2/- K`FBM; KmHiBTH2 TQBMib
i?i /Q MQi +Q``2bTQM/ iQ ;`#;2 HQM; i?2 2MiB`2 KT- #mi MHvxBM; r?v
i?Bb ?TT2M2/ M/ b22BM; i?i bQK2 TQBMib r2`2 +Q``2+i- bQK2 +QM+HmbBQMb
r2`2 `2+?2/,
Ç h?2 MQBb2 Q7 i?2 TQBMi +HQm/ +mb2b 2``Q`b BM i?2 K2bm`2K2Mib r?2M
TQbBiBQMBM;X
Ç h?2 T`Q+2bbBM; Q7 bQ KMv H;Q`Bi?Kb i i?2 bK2 iBK2 #v i?2 `Q#Qi
//2/ iQ i?2 H`;2 KQmMi Q7 /i 7`QK i?2 +K2` M/ i?2 KM;2@
K2Mi Q7 i?2 rB} 7Q` i?2 +QMM2+iBQM 2t+22/b i?2 *Sl TQr2` Q7 i?2
_bT#2``v SB Q7 i?2 hm`iH2#QijX
Ç :Bp2M i?Bb bHQr T`Q+2bbBM;- i?2 M2+2bb`v i`Mb7Q`KiBQMb iQ TQbBiBQM
i?2 Q#D2+ib QM i?2 KT `2 MQi T2`7Q`K2/ BKK2/Bi2Hv- i?Bb +mb2b
i?2K iQ #2 r`QM;X
6Q` HH i?2b2 `2bQMb A i`B2/ ;BM #mi i?Bb iBK2 QMHv 2t2+miBM; i?2 +Q/2 iQ
TQbBiBQM ;`#;2 rBi? i?2 `Q#Qi +QKTH2i2Hv biQTT2/ M/ BMi2``mTiBM; Bi r?2M
A rMi iQ KQp2 i?2 `Q#QiX
"2HQr `2 i?2 /Bz2`2Mi biQTb Q7 i?2 `Q#Qi M/ i?2 TQBMib i?i `2 K`F2/ QM
i?2 KT +mKmHiBp2Hv i 2+? biQTX
9R
h#H2 8Xj, _2bmHi Q7 TQbBiBQMBM; rBi? i?2 `Q#Qi biQT2/ BM /Bz2`2Mi TQbBiBQMbX
SQb2 RX SQb2 kX SQb2 jX
SQb2 9X SQb2 8X
h?Bb iBK2 Bi +M #2 bB/ i?i i?2 TQbBiBQMBM; Q7 i?2 ;`#;2 ?b #22M 2z2+iBp2-
2``Q`b `2 biBHH Q#b2`p2/ b i?2 bK2 Q#D2+i Bb TQbBiBQM2/  HBiiH2 /Bz2`2Mi
/2T2M/BM; QM r?2`2 i?2 Q#D2+i Bb b22M #v i?2 `Q#QiX
9k
8Xj 6mim`2 rQ`F
>2`2 A rBHH +QKK2Mi- 7`QK Kv TQBMi Q7 pB2r- ?Qr i?Bb T`QD2+i b?QmH/ +QMiBMm2
iQ /2p2HQT- r?i b?QmH/ #2 i?2 iQTB+b iQ BMp2biB;i2 M/ i?2 +?M;2b iQ #2
K/2X
ai`iBM; rBi? i?2 i?BM;b i?i A ?p2 H+F2/ iBK2 iQ i`v- A ?p2 irQ B/2b,
Ç h?2 +`2iBQM Q7 2H2piBQM KTb rBi? i?2 _:". +K2`X A +M +`2i2
 KT rBi?Qmi ;`#;2 M/ MQi?2` KT +QMiBMBM; ;`#;2- T2`7Q`K
i?2 bm#i`+iBQM H2pBM; QMHv i?2 /Bz2`2Mi TQBMib i?i b?QmH/ +Q``2bTQM/
rBi? i?2 ;`#;2- i?2 `2bmHi +M #2 bmT2`BKTQb2/ rBi? i?2 Q++mTiBQM
KT iQ b22 Bib TQbBiBQMX
Ç AM i?2 T`Q+2bbBM; Q7 i?2 BK;2 QM2 Q7 i?2 #B;;2bi +?HH2M;2b Bb iQ BbQHi2
i?2 T`i Q7 i?2 BK;2 #2HQM;BM; iQ i?2 ;`QmM/- bQ b MQi iQ B/2MiB7v
i?2 7m`MBim`2 b ;`#;2X h?2 B/2 rQmH/ #2 iQ MHvx2 TBt2H #v TBt2H
+QKT`BM; i?2 BM7Q`KiBQM Q7 i?2 TQbBiBQM ;Bp2M #v i?2 S*G M/ i?2
bBimiBQM QM i?2 KT iQ /2i2`KBM2 B7 Bi +Q``2bTQM/b rBi? T`ib i?i
b?QmH/ MQi #2 MHvx2/ M/ 2HBKBMi2 i?i TBt2HX
PM2 Q7 i?2 }`bi +?M;2b i?i A rQmH/ KF2 rQmH/ #2 i?2 _bT#2``v SB Q7
i?2 hm`iH2#Qij- i?Bb T`2b2Mib b2p2`H T`Q#H2Kb bm+? b i?2 H+F Q7 mb# jXy
Q` ?B;?2` 7Q`  +Q``2+i +QKKmMB+iBQM rBi? i?2 +K2`- i?2 H+F Q7 _J
iQ +QKTBH2 +2`iBM T+F;2b M/ }MHHv i?2 H+F Q7 TQr2` 7Q` `mM KMv p2`v
/2KM/BM; MQ/2b BM `2H iBK2X
MQi?2` bi2T BM i?Bb T`QD2+i rQmH/ #2 iQ /Ti i?2 H;Q`Bi?K Q7 BK;2 T`Q@
+2bbBM; iQ `2+Q;MBx2 ;`#;2 iQ #2 mb2/ BM Mv 2MpB`QMK2Mi M/ +QK#BM2
Bi rBi? KQ`2 i2+?MB[m2b iQ +?B2p2 #2ii2` `2bmHib UPi?2` pBbBQM i2+?MB[m2b-
M2m`H M2irQ`FbĘV
9j
8X9 *QM+HmbBQM
h?2 BKTH2K2MiiBQM Q7 i?Bb T`QD2+i ?b #22M #b2/ QM i?2 TTHB+iBQM Q7
+QKTmi2` pBbBQM i2+?MB[m2b HKQbi 2t+HmbBp2HvX h?Bb Bb /m2 iQ i?2 H+F Q7
iBK2 M/ FMQrH2/;2 iQ i`v Qi?2` i2+?MB[m2b- bm+? b i?Qb2 K2MiBQM2/ BM i?2
HBi2`im`2 MHvbBb #Qmi i?2 +QMbi`m+iBQM Q7 /Bz2`2Mi FBM/ Q7 KTbX
1p2M bQ- i?2 rQ`F /QM2 b2`p2b b  }`bi TT`Q+? M/ b2`p2b b  #bBb 7Q`
7mim`2 rQ`F `2Hi2/ iQ i?Bb M/ Qi?2`b i?i mb2,
Ç _2+Q;MBiBQM Q7 Q#D2+ib BM /vMKB+ 2MpB`QMK2Mib 2Bi?2` i?`Qm;? BK;2
T`Q+2bbBM; Q` /2Ti? +K2`bX
Ç SQbBiBQMBM; M/ K`FBM; Q#D2+ib QM i?2 KTX
Ç *HB#`iBQM Q7 i?2 +K2` TQbBiBQM BM KmHiB@b2MbQ` KQ#BH2 `Q#Qi THi@
7Q`KbX
Ai HbQ /2KQMbi`i2 i?i Bb TQbbB#H2 i?2 miQKiBQM Q7 i?Bb T`Q+2bb- `2/m+BM;
+Qbi M/ iBK2 7Q` i?2 +QKTMvX
.m`BM; i?2 iBK2 i?i A ?p2 #22M /2p2HQTBM; i?Bb T`QD2+i A ?p2 H2`M2/ iQ
?M/H2 _Pa rBi? bQK2 2b2 M/ ?Qr iQ ?M/H2  `Q#Qi M/ BMi2;`i2 M2r
b2MbQ`b- A ?p2 TTHB2/ M/ `2BM7Q`+2/ Kv FMQrH2/;2 Q7 T`Q;`KKBM; BM *YY
M/ PT2M*oX
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TT2M/Bt R, *Q/2
BK;nT`Q+2bbBM;X+TT
OBM+Hm/2 I`Qbf`QbX?=
OBM+Hm/2 IBK;2ni`MbTQ`ifBK;2ni`MbTQ`iX?=
OBM+Hm/2 I+pn#`B/;2f+pn#`B/;2X?=
OBM+Hm/2 Ib2MbQ`nKb;bfBK;2n2M+Q/BM;bX?=
OBM+Hm/2 IQT2M+pkfBK;T`Q+fBK;T`Q+X?TT=
OBM+Hm/2 IQT2M+pkf?B;?;mBf?B;?;mBX?TT=
OBM+Hm/2 ]/2i2+in;`#;2fTBt2Hn+QQ`/BMi2bX?]
ff :HQ#H p`B#H2b
+p,,Ji b`+- b`+n;`v- /bi- KbFc
BMi bBx2niQT 4 R8c
BMi bBx2n/BHi2 4 8c
BMi bBx2n/BHi2R 4 8c
BMi KtnbBx2 4 Ryyc
BMi i?`2b?QH/n_:" 4 R8jc
BMi i?`2b?QH/nunKBM 4 yc
BMi i?`2b?QH/nunKt 4 kR8c
BMi i?`2b?QH/n*#nKBM 4 RR8c
BMi i?`2b?QH/n*#nKt 4 k88c
BMi +QMbi Ktni?`2b?QH/ 4 k88c
biiB+ +QMbi bi/,,bi`BM; P_A:ALG 4 ]P`B;BMH]c
biiB+ +QMbi bi/,,bi`BM; 6ALG 4 ]6BMH]c
biiB+ +QMbi bi/,,bi`BM; rBM/QrnR 4 ]hQT >i]c
biiB+ +QMbi bi/,,bi`BM; rBM/Qrnk 4 ]*QHQ` _:" h?`2b?QH/]c
biiB+ +QMbi bi/,,bi`BM; rBM/Qrnj 4 ]*QHQ` u*`*# h?`2b?QH/]c
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pQB/ BK;2*HH#+F U+QMbi b2MbQ`nKb;b,,AK;2*QMbiSi` Kb;Vc
pQB/ iQT?iUBMi- pQB/ Vc
pQB/ +QHQ`h?`2b?QH/U BMi- pQB/ Vc
`Qb,,a2`pB+2*HB2Mi  +HB2MiSi`c ff SQBMi2` 7Q`  +HB2Mi
BMi KBM UBMi `;+- +?`   `;pV
&
`Qb,,BMBiU`;+- `;p- ]BK;nT`Q+2bbBM;]Vc
`Qb,,LQ/2>M/H2 Mc
+p,,MK2/qBM/QrUP_A:ALGVc
+p,,bi`iqBM/Qrh?`2/UVc
BK;2ni`MbTQ`i,,AK;2h`MbTQ`i BiUMVc
BK;2ni`MbTQ`i,,am#b+`B#2` bm# 4 BiXbm#b+`B#2U
]f+K2`f+QHQ`fBK;2n`r]- R- BK;2*HH#+FVc
`Qb,,a2`pB+2*HB2Mi +HB2Mi 4 MXb2`pB+2*HB2MiI
/2i2+in;`#;2,,TBt2Hn+QQ`/BMi2b=U]TBt2Hn+QQ`/BMi2b]Vc
ff;Bp2 i?2 //`2bb Q7 i?2 +HB2Mi iQ i?2 +HB2MiSi`
+HB2MiSi` 4 +HB2Mic
`Qb,,bTBMUVc
`2im`M yc
'
pQB/ BK;2*HH#+F U+QMbi b2MbQ`nKb;b,,AK;2*QMbiSi` Kb;V
&
+pn#`B/;2,,*pAK;2Si` +pnTi`c
i`v
&
+pnTi` 4 +pn#`B/;2,,iQ*p*QTvUKb;-
b2MbQ`nKb;b,,BK;2n2M+Q/BM;b,,":_3Vc
9e
'
+i+? U+pn#`B/;2,,1t+2TiBQM 2V
&
_Pan1__P_U]+pn#`B/;2 2t+2TiBQM, Wb]- 2Xr?iUVVc
`2im`Mc
'
ff AK;2 S`Q+2bbBM;
+p,,Ji /AK; 4 +pnTi`@=BK;2c
ff .BpB/2 BM ?H7
b`+ 4 /AK;U+p,,_2+iUy- /AK;X`Qrbfk- /AK;X+QHb- /AK;X`QrbfkVVc
+p,,BKb?QrU P_A:ALG- b`+ Vc
ff *`2i2  Ki`Bt Q7 i?2 bK2 ivT2 M/ bBx2 b b`+ U7Q` /biV
/biX+`2i2U b`+XbBx2UV- b`+XivT2UV Vc
ff *QMp2`i i?2 BK;2 iQ ;`vb+H2
+p,,+pi*QHQ`U b`+- b`+n;`v- *on":_k:_u Vc
+p,,MK2/qBM/QrU rBM/QrnR- *onqAL.PqnlhPaAw1 Vc
+p,,MK2/qBM/QrUrBM/Qrnk- *onqAL.PqnlhPaAw1 Vc
+p,,MK2/qBM/QrUrBM/Qrnj- *onqAL.PqnlhPaAw1 Vc
+p,,+`2i2h`+F#`U ]aBx2 hQT >i,]-
rBM/QrnR- bBx2niQT- KtnbBx2- iQT?i Vc
+p,,+`2i2h`+F#`U ]aBx2 .BHi2,]-
rBM/QrnR- bBx2n/BHi2- KtnbBx2- iQT?i Vc
iQT?iUy- yVc
+p,,+`2i2h`+F#`U]h?`2b?QH/ _:",]-
rBM/Qrnk- i?`2b?QH/n_:"- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
+p,,+`2i2h`+F#`U]h?`2b?QH/ unKBM,]-
rBM/Qrnj- i?`2b?QH/nunKBM- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
9d
+p,,+`2i2h`+F#`U]h?`2b?QH/ unKt,]-
rBM/Qrnj- i?`2b?QH/nunKt- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
+p,,+`2i2h`+F#`U]h?`2b?QH/ *#nKBM,]-
rBM/Qrnj- i?`2b?QH/n*#nKBM- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
+p,,+`2i2h`+F#`U]h?`2b?QH/ *#nKt,]-
rBM/Qrnj- i?`2b?QH/n*#nKt- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
+p,,+`2i2h`+F#`U ]aBx2 .BHi2,]-
6ALG- bBx2n/BHi2R- KtnbBx2- +QHQ`h?`2b?QH/ Vc
+QHQ`h?`2b?QH/U y- y Vc
+p,,Ji +MMvnQmiTmic
bi/,,p2+iQ`Ibi/,,p2+iQ`I+p,,SQBMi= = +QMiQm`bc
bi/,,p2+iQ`I+p,,o2+9B= ?B2``+?vc
ff .2i2+i 2/;2b mbBM; +MMv
+p,,*MMvU /bi- +MMvnQmiTmi- 8y- R8y- j Vc
ff 6BM/ +QMiQm`b
+p,,7BM/*QMiQm`bU +MMvnQmiTmi- +QMiQm`b- ?B2``+?v-
+p,,_1h_nh_11- +p,,*>ALnSS_PsnaAJSG1- +p,,SQBMiUy- yV Vc
ff :2i i?2 KQK2Mib
bi/,,p2+iQ`I+p,,JQK2Mib= KmU+QMiQm`bXbBx2UVVc
7Q`U BMi B 4 yc BI+QMiQm`bXbBx2UVc BYY V
&
Km(B) 4 +p,,KQK2MibU +QMiQm`b(B)- 7Hb2 Vc
'
ff :2i i?2 +2Mi`QB/ Q7 7B;m`2bX
bi/,,p2+iQ`I+p,,SQBMik7= K+U+QMiQm`bXbBx2UVVc
7Q`U BMi B 4 yc BI+QMiQm`bXbBx2UVc BYYV
&
K+(B) 4 +p,,SQBMik7U Km(B)XKRyfKm(B)XKyy - Km(B)XKyRfKm(B)XKyy Vc
'
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ff .`r +QMiQm`b
+p,,Ji /`rBM;U+MMvnQmiTmiXbBx2UV-
*on3l*j- +p,,a+H`Uk88-k88-k88VVc
7Q`U BMi B 4 yc BI+QMiQm`bXbBx2UVc BYY V
&
+p,,a+H` +QHQ` 4 +p,,a+H`URed-R8R-yVc ff " : _ pHm2b
+p,,/`r*QMiQm`bU/`rBM;- +QMiQm`b- B- +QHQ`- k- 3-
?B2``+?v- y- +p,,SQBMiUVVc
+p,,+B`+H2U /`rBM;- K+(B)- 9- +QHQ`- @R- 3- y Vc
ff J`F QM KT
/2i2+in;`#;2,,TBt2Hn+QQ`/BMi2b b`pc
b`pX`2[m2biXm 4 K+(B)Xtc
b`pX`2[m2biXp 4 K+(B)XvY/AK;X`Qrbfkc
ff/2`272`2M+2 i?2 +HB2MiSi`
`Qb,,a2`pB+2*HB2Mi +HB2Mi 4 U`Qb,,a2`pB+2*HB2MiV +HB2MiSi`c
B7 U+HB2MiX+HHUb`pVV
&
_PanAL6PU]t, W7]- U7HQiVb`pX`2bTQMb2XtVc
_PanAL6PU]v, W7]- U7HQiVb`pX`2bTQMb2XvVc
_PanAL6PU]x, W7]- U7HQiVb`pX`2bTQMb2XxVc
'
2Hb2
&
_Pan1__P_U]6BH2/ iQ +HH b2`pB+2 7`QK TBt2Hn+QQ`/BMi2b]Vc
'
'
ff a?Qr i?2 `2bmHiMi BK;2
+p,,MK2/qBM/QrU ]*QMiQm`b]- *onqAL.PqnlhPaAw1 Vc
+p,,BKb?QrU ]*QMiQm`b]- /`rBM; Vc
+p,,rBiE2vUjVc
9N
'pQB/ iQT?iUBMi- pQB/ V
&
+p,,Ji BKc
ff _2/m+2 MQBb2 rBi?  F2`M2H jtj
#Hm`U b`+n;`v- BK- +p,,aBx2Uj-jV Vc
+p,,Ji 2H2K2Mi 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U bBx2niQT- bBx2niQT VVc
ff TTHv i?2 iQT?i KQ`T?QHQ;v QT2`iBQM
+p,,KQ`T?QHQ;v1tU BK- BK- +p,,JP_S>nhPS>h- 2H2K2Mi Vc
+p,,i?`2b?QH/UBK- BK- y- k88- *onh>_1a>n"AL_u % *onh>_1a>nPhal Vc
+p,,Ji 2H2K2Mik 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U j- j VVc
+p,,Ji 2H2K2Mij 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U bBx2n/BHi2- bBx2n/BHi2 VVc
+p,,KQ`T?QHQ;v1tU BK- BK- +p,,JP_S>nPS1L- 2H2K2Mik Vc
+p,,KQ`T?QHQ;v1tU BK- BK- +p,,JP_S>n.AGh1- 2H2K2Mij Vc
KbF 4 +p,,a+H`,,HHUyVc
b`+X+QTvhQU KbF- BKVc
+p,,BKb?QrU rBM/QrnR- KbF Vc
'
pQB/ +QHQ`h?`2b?QH/U BMi- pQB/ V
&
+p,,Ji BKR- BKkc
8y
+p,,BM_M;2UKbF- i?`2b?QH/n_:"-
+p,,a+H`UKtni?`2b?QH/- Ktni?`2b?QH/- Ktni?`2b?QH/V- BKRVc
+p,,BKb?QrU rBM/Qrnk- BKRVc
+p,,+pi*QHQ`UKbF- BKk- *on":_ku*`*#Vc
+p,,BM_M;2UBKk-
+p,,a+H`Ui?`2b?QH/nunKBM- y- i?`2b?QH/n*#nKBMV-
+p,,a+H`Ui?`2b?QH/nunKt- Ktni?`2b?QH/- i?`2b?QH/n*#nKtV- BKkVc
BKk4k88@BKkc
+p,,BKb?QrU rBM/Qrnj- BKkVc
/bi4BKRYBKkc
+p,,Ji 2H2K2Mik 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U j- j VVc
+p,,Ji 2H2K2Mij 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U bBx2n/BHi2R- bBx2n/BHi2 VVc
+p,,KQ`T?QHQ;v1tU /bi- /bi- +p,,JP_S>nPS1L- 2H2K2Mik Vc
+p,,KQ`T?QHQ;v1tU /bi- /bi- +p,,JP_S>n.AGh1- 2H2K2Mij Vc
+p,,BKb?QrU 6ALG- /biVc
'
8R
KTnK`F2`X+TT
OBM+Hm/2 I`Qbf`QbX?=
OBM+Hm/2 IT+Hn`QbfTQBMin+HQm/X?=
OBM+Hm/2 IT+HfTQBMinivT2bX?=
OBM+Hm/2 IT+Hn`Qbfi`Mb7Q`KbX?=
OBM+Hm/2 IT+Hf+QMp2`bBQMbX?=
OBM+Hm/2 IT+HfS*GSQBMi*HQm/kX?=
OBM+Hm/2 IT+Hn+QMp2`bBQMbfT+Hn+QMp2`bBQMbX?=
OBM+Hm/2 IpBbmHBxiBQMnKb;bfJ`F2`X?=
OBM+Hm/2 ]/2i2+in;`#;2fTBt2Hn+QQ`/BMi2bX?]
b2MbQ`nKb;b,,SQBMi*HQm/k KvnT+Hc
BMi +QmMi 4 yc
#QQH +H+U
/2i2+in;`#;2,,TBt2Hn+QQ`/BMi2b,,_2[m2bi `2[-
/2i2+in;`#;2,,TBt2Hn+QQ`/BMi2b,,_2bTQMb2 `2bVc
pQB/ +HH#+FU+QMbi b2MbQ`nKb;b,,SQBMi*HQm/k*QMbiSi` Kb;V
&
KvnT+H 4  Kb;c
'
BMi KBM UBMi `;+- +?`   `;pV
&
`Qb,,BMBiU`;+- `;p- ]KTnK`F2`]Vc
`Qb,,LQ/2>M/H2 Mc
`Qb,,am#b+`B#2` bm# 4 MXbm#b+`B#2Ib2MbQ`nKb;b,,SQBMi*HQm/k=
U]f+K2`f/2Ti?n`2;Bbi2`2/fTQBMib]- R- +HH#+FVc
8k
`Qb,,a2`pB+2a2`p2` b2`pB+2 4 MX/p2`iBb2a2`pB+2U
]TBt2Hn+QQ`/BMi2b]- +H+Vc
`Qb,,bTBMUVc
`2im`M yc
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#QQH +H+U
/2i2+in;`#;2,,TBt2Hn+QQ`/BMi2b,,_2[m2bi `2[-
/2i2+in;`#;2,,TBt2Hn+QQ`/BMi2b,,_2bTQMb2 `2bV
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`Qb,,LQ/2>M/H2 M?c
`Qb,,Sm#HBb?2` K`F2`nTm#c
BMi ``vSQbBiBQM 4 `2[Xp KvnT+HX`Qrnbi2T Y `2[Xm KvnT+HXTQBMinbi2Tc
BMi ``vSQbs 4 ``vSQbBiBQM
Y KvnT+HX7B2H/b(y)XQ77b2ic ff s ?b M Q77b2i Q7 y
BMi ``vSQbu 4 ``vSQbBiBQM
Y KvnT+HX7B2H/b(R)XQ77b2ic ff u ?b M Q77b2i Q7 9
BMi ``vSQbw 4 ``vSQbBiBQM
Y KvnT+HX7B2H/b(k)XQ77b2ic ff w ?b M Q77b2i Q7 3
7HQi s 4 yc
7HQi u 4 yc
7HQi w 4 yc
K2K+TvUs- KvnT+HX/i(``vSQbs)- bBx2Q7U7HQiVVc
K2K+TvUu- KvnT+HX/i(``vSQbu)- bBx2Q7U7HQiVVc
K2K+TvUw- KvnT+HX/i(``vSQbw)- bBx2Q7U7HQiVVc
_PanAL6PU]W7 W7 W7]- s-u-wVc
`2bXt 4 sc
`2bXv 4 uc
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`2bXx 4 wc
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ff h6
i7,,o2+iQ`j TQBMiU`2bXt-`2bXv-`2bXxVc
i7,,h`Mb7Q`KGBbi2M2` HBbi2M2`c
i7,,aiKT2/h`Mb7Q`K i`Mb7Q`Kc
i`v&
HBbi2M2`XHQQFmTh`Mb7Q`KU]fKT]-
]f+K2`n+QHQ`n7`K2]- `Qb,,hBK2,,MQrUV- i`Mb7Q`KVc
'
+i+? Ui7,,h`Mb7Q`K1t+2TiBQM 2tV&
_Panq_LU]JT iQ +K2` i`Mb7Q`K mMpBH#H2 Wb]- 2tXr?iUVVc
'
i7,,o2+iQ`j TQBMin#H 4 i`Mb7Q`K  TQBMic
_PanAL6PU]W7 W7 W7]- TQBMin#H(y)-TQBMin#H(R)-TQBMin#H(k)Vc
 f
ff a2i Qm` b?T2 ivT2 iQ #2  bT?2`2
mBMijkni b?T2 4 pBbmHBxiBQMnKb;b,,J`F2`,,aS>1_1c
pBbmHBxiBQMnKb;b,,J`F2` K`F2`c
ff a2i i?2 7`K2 A. M/ iBK2biKTX
K`F2`X?2/2`X7`K2nB/ 4 ]f+K2`n+QHQ`nQTiB+Hn7`K2]c
K`F2`X?2/2`XbiKT 4 `Qb,,hBK2,,MQrUVc
ff a2i i?2 MK2bT+2 M/ B/ 7Q` i?Bb K`F2`X
K`F2`XMb 4 ]#bB+nb?T2b]c
K`F2`XB/ 4 +QmMic
ff a2i i?2 K`F2` ivT2X
K`F2`XivT2 4 b?T2c
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ff a2i i?2 K`F2` +iBQMX
ff PTiBQMb `2 ..- .1G1h1- M/ M2r BM _Pa AM/B;Q, j U.1G1h1GGV
K`F2`X+iBQM 4 pBbmHBxiBQMnKb;b,,J`F2`,,..c
ff a2i i?2 TQb2 Q7 i?2 K`F2`X
ff h?Bb Bb  7mHH e.P6 TQb2
ff `2HiBp2 iQ i?2 7`K2fiBK2 bT2+B7B2/ BM i?2 ?2/2`
K`F2`XTQb2XTQbBiBQMXt 4 `2bXtc
K`F2`XTQb2XTQbBiBQMXv 4 `2bXvc
K`F2`XTQb2XTQbBiBQMXx 4 `2bXxc
K`F2`XTQb2XQ`B2MiiBQMXt 4 yXyc
K`F2`XTQb2XQ`B2MiiBQMXv 4 yXyc
K`F2`XTQb2XQ`B2MiiBQMXx 4 yXyc
K`F2`XTQb2XQ`B2MiiBQMXr 4 RXyc
ff a2i i?2 b+H2 Q7 i?2 K`F2` @@ RtRtR ?2`2 K2Mb RK QM  bB/2
K`F2`Xb+H2Xt 4 yXRc
K`F2`Xb+H2Xv 4 yXRc
K`F2`Xb+H2Xx 4 yXRc
ff a2i i?2 +QHQ` @@ #2 bm`2 iQ b2i HT? iQ bQK2i?BM; MQM@x2`Q5
K`F2`X+QHQ`X` 4 RXy7c
K`F2`X+QHQ`X; 4 yXy7c
K`F2`X+QHQ`X# 4 yXy7c
K`F2`X+QHQ`X 4 RXyc
K`F2`XHB72iBK2 4 `Qb,,.m`iBQMUVc
K`F2`nTm# 4 M?X/p2`iBb2IpBbmHBxiBQMnKb;b,,J`F2`=
U]fpBbmHBxiBQMnK`F2`]- ky- RVc
_Pan1__P_U]qBiBM; 7Q` bm#b+B#2`b]Vc
r?BH2UK`F2`nTm#X;2iLmKam#b+`B#2`bUV44yV
&
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Hb2`nK2bm`2XTv
O5fmb`f#BMf2Mp Tvi?QM
BKTQ`i `QbTv
7`QK b2MbQ`nKb;bXKb; BKTQ`i Gb2`a+M
/27 +HH#+FUKb;V,
T`BMi Kb;X`M;2b(kdy)
`QbTvXBMBinMQ/2U^bm#nMQ/2^V
bm# 4 `QbTvXam#b+`B#2`U]fb+M]- Gb2`a+M- +HH#+FV
`QbTvXbTBMUV
8e
+QHH2+in/inMQ/2XTv
O5fmb`f#BMf2Mp Tvi?QM
BKTQ`i `;T`b2 O_2/ +QKKM/ HBM2 `;mK2Mib
BKTQ`i MmKTv b MT O``vb M/ QT2M+p BK;2b
BKTQ`i `QbTv O`Qb Tvi?QM KQ/mH2
BKTQ`i +pk
7`QK +pn#`B/;2 BKTQ`i *p"`B/;2- *p"`B/;21``Q`
7`QK b2MbQ`nKb;bXKb; BKTQ`i AK;2- Gb2`a+M
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
O@@@ :GP"G o_A"G1a
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
#`B/;2 4 *p"`B/;2UV
+pnBK;2 4 ()
Hb2`nb+M 4 ()
BK;2nbiKT 4 ()
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
O@@@ 6lL*hAPL .16ALAhAPL
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
/27 AK;2_2+2Bp2/*HH#+FU/iV,
;HQ#H +pnBK;2
;HQ#H #`B/;2
;HQ#H BK;2nbiKT
OT`BMiU]_2+2Bp2/ BK;2]V
i`v,
+pnBK;2 4 #`B/;2XBK;Kb;niQn+pkU/i- ]#;`3]V
BK;2n?2/2` 4 /iX?2/2`
8d
BK;2nbiKT 4 /iX?2/2`XbiKT
2t+2Ti *p"`B/;21``Q` b 2,
T`BMiU2V
/27 Gb2`_2+2Bp2/*HH#+FU/iV,
;HQ#H Hb2`nb+M
T`BMiU]_2+2Bp2/ Hb2`]V
Hb2`nb+M 4 /i
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
O@@@ JAL
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
B7 nnMK2nn 44 ]nnKBMnn],
;HQ#H +pnBK;2
;HQ#H BK;2nbiKT
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
O@@@ `;mK2Mi T`b2`
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
T 4 `;T`b2X`;mK2MiS`b2`UV
TX//n`;mK2MiU]@T]- ]@@+Tim`2nTi?]-
?2HT 4 ]Ti? iQ i?2 +Tim`2 7QH/2`]- /27mHi 4 ]X]V
`;b 4 p`bUTXT`b2n`;bUVV
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
O@@@ AMiBiBHBxiBQM
O@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
`QbTvXBMBinMQ/2U^+QHH2+in/inMQ/2^V O`Qb MQ/2 BMBi
+pkXMK2/qBM/QrU]*K2`]- +pkXqAL.PqnLP_JGV
? 4 QT2MU^Hb2`Xiti^-^r^V
?B 4 QT2MU^BK;2nbiKTbXiti^-^r^V
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BK;2nbm# 4 `QbTvXam#b+`B#2`U]f+K2`f+QHQ`fBK;2n`r]-
AK;2- AK;2_2+2Bp2/*HH#+FV
Hb2`nbm# 4 `QbTvXam#b+`B#2`U]fb+M]-
Gb2`a+M- Gb2`_2+2Bp2/*HH#+FV
OiBK2 7Q` i?2 i7 HBbi2M2` iQ `2+2Bp2 bQK2 i`Mb7Q`Kb
`QbTvXbH22TU`QbTvX.m`iBQMUyXRVV
`i2 4 `QbTvX_i2URyyV O Ry?x
+QmMi 4 R
r?BH2 MQi `QbTvXBbnb?mi/QrMUV,
OT`BMiU]PM2 Bi2`iBQM +QKTH2i2]V
O+pkXBKb?QrU]*K2`]- +pnBK;2V
F2v 4 U+pkXrBiE2vUkyV  k88V
OT`BMiU]F2v 4 ] Y bi`UF2vVV
OIiBK2biKT= ai`iM;H2_/b M;H2AM+`2K2Mi_/b
O1M/M;H2_/b _M;2lMBihvT2 LQM;H2b (_M;2b)
`M;2nmMBinivT2 4 j O7Q` K2i2`b
bbn`M;2b 4 ] ]XDQBMU(]WX37] W B 7Q` B BM Hb2`nb+MX`M;2b)V
bbniBK2 4 bi`UHb2`nb+MX?2/2`XbiKTXb2+bV Y ]X]
Y bi`UHb2`nb+MX?2/2`XbiKTXMb2+bV
bb 4 bbniBK2 Y ] ] Y bi`UHb2`nb+MXM;H2nKBMV
Y ] ] Y bi`UHb2`nb+MXM;H2nBM+`2K2MiV Y ] ]
Y bi`UHb2`nb+MXM;H2nKtV Y ] ]
Y bi`U`M;2nmMBinivT2V Y ] ] Y bi`UH2MUHb2`nb+MX`M;2bVV
Y ] ] Y bbn`M;2b Y ]$M]
?Xr`Bi2UbbV
8N
B7 F2v 44 RRj, O[ 7Q` [mBi
T`BMiU]ZmBi]V
#`2F
2HB7 F2v 44 RR8, Ob 7Q` bp2
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pBM; BK;2 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b2` b+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;2V
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;2nbiKTXb2+bV Y ]X] Y bi`UBK;2nbiKTXMb2+bV
Y ] ] Y bi`UBK;2nbiKTXb2+bV Y ]X]
Y bi`UBK;2nbiKTXMb2+bV Y ]$M]
?BXr`Bi2UbbV
+QmMi Y4 R
`i2XbH22TUV
?X+HQb2UV
?BX+HQb2UV
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